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Abstract. —The milky disease bacterium, Bacilluspopilliae Dutky, and the blue disease rickettsial 
organism, Rickettsiella popilliae (Dutky & Gooden), were isolated from larval populations of 
Cyclocephala hirta LeConte in California. Two morphological types of B. popilliae, characterized 
by the size of sporangia, spores, and parasporal bodies, were recovered. The typical Cyclocephala 
strain had a sporangium averaging 5.5 x 2.1 /urn, a spore averaging 2.1 x 0.9 /itm, and a primary 
parasporal body averaging 1.9 x 0.7 ,um. Multiple parasporal bodies occurred in up to 50% of 
this strain. The smaller atypical Cyclocephala strain had a sporangium averaging 4.4 x 1.3 ;um, 
a spore averaging 1.9 x 0.8 /um, and a parasporal body averaging 1.0 x 0.7 ^m. Bacillus popilliae 
was recovered from seven of eight sample sites located in southern and northern California. The 
typical Cyclocephala strain of B. popilliae was predominant in larvae at two sites from southern 
and one site from northern California, whereas the atypical strain was predominant in larvae at 
five sites from northern California. Rickettsiella popilliae was recovered from larvae at two sites 
in northern California. 
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Scarabaeid larvae are the most serious pests of turfgrass throughout much of 
the United States (Tashiro 1987). In the northeastern United States, introduced 
scarabaeid species, notably the Japanese beetle, Popillia japonica Newman, the 
oriental beetle, Anomala orientalis Waterhouse, and the Asiatic garden beetle, 
Maladera castanea (Arrow), cause severe damage to turfgrass. In the midwestem 
states, the Japanese beetle and native species of May and June beetles, Phyllophaga 
spp., and masked chafers, Cyclocephala spp., are more prevalent. In California, 
a complex of Cyclocephala species occurs (Saylor 1945, Endrodi 1985), some of 
which cause extensive turf damage. These pestiferous species include Cyclocephala 
hirta LeConte, C. lurida Bland (= immaculata (Olivier)), C. longula LeConte, C. 
melanocephala (Fabr.), and C. pasadenae Casey (Ali 1989). In 1988, we observed 
that scarabaeid larvae caused considerable damage to turfgrass at a golf course in 
northern California. Moreover, we detected larvae infected with the bacterium 
Bacillus popilliae Dutky, the causal agent of milky disease, and Rickettsiella po¬ 
pilliae (Dutky & Gooden), the causal agent of blue disease. Because of the bio¬ 
logical control potential of these microorganisms, in particular the milky disease 
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bacterium (Klein 1988), we determined their prevalence in scarabaeid populations 
in California. 


Materials and Methods 

Second- and third-instar scarabaeids were sampled during the spring and fall 
of 1989 and 1990 from northern and southern California. In the towns of Fairfax, 
Moraga, San Rafael, and Santa Rosa, larval density was determined by taking at 
least three 18x18x10 cm soil samples and counting the number of larvae in 
each. Counts were averaged and the number of larvae per 0.1m 2 was determined. 
In the town of Walnut Creek, only one larval density was taken because of the 
small area of infestation. In the town of Chino, larval density was determined by 
taking ten 0.1 m 2 samples or by estimating the number of larvae per 0.1 m 2 . 
Larval density was estimated because it was too low and a wide area was sampled 
to collect sufficient larvae for examination. 

Larvae were collected from areas of golf courses and parks where no chemical 
insecticides had been applied. Larvae were held either individually in 35 ml plastic 
cups or in groups of eight to 10 larvae with field soil in a 210 ml plastic cup. 
Groups of larvae were placed in field soil and were held for three to 10 days in 
cold storage (10° C) before they were examined. Individually held larvae were 
examined immediately upon return to the laboratory or placed in 35 ml cups 
with 31 grams of sterilized dry soil (75% sand, 18% silt, 7% clay, pH 6.9, organic 
matter 0.3%), 4.75 ml of distilled water, and perennial rye grass seeds. These 
larvae were held for 19 days at 25 ± 2° C to allow further development and 
expression of disease symptoms before they were examined. 

Each larva was bled by inserting a sterilized size-2 insect pin through the 
integument behind the head and a drop of hemolymph was placed on a microscope 
slide. The hemolymph was examined for bacterial or rickettsial infection using 
phase contrast microscopy at 400 x. Measurements of B. popilliae sporangia, 
spores, and parasporal bodies at their longest and widest points were made with 
an interference contrast microscope system at 9000 x and computer software 
image analyzer. Data for measurements of B. popilliae (lengths and widths of the 
sporangia, spores, and parasporal bodies) were analyzed using SAS program {t- 
test) (SAS Institute 1988). 

Two steps were used in identifying the scarabaeids. Raster patterns were used 
to identify larvae to genus, and a subset of larvae was reared to adults. Adults 
were identified to species by examination of the male genitalia (Saylor 1945, 
Endrodi 1985). 


Results and Discussion 

Only one scarabaeid genus, Cyclocephala, was recovered during this study and 
adult male specimens from each site were identified as C. hirta. Distribution of 
larvae in turfgrass was patchy with infested areas ranging from < 1 to 38 larvae/ 
0.1 m 2 (Table 1). 

Bacillus popilliae was recovered from C. hirta in seven out of eight sites in 
California and the prevalence of infection ranged from none to 71% (Table 1). 
Even within a site, the prevalence of infection varied greatly indicating the uneven 
distribution of spores in the soil. Thus, in Santa Rosa, we sampled two adjacent 
areas (Santa Rosa 1A and IB) which were separated by about 50 m. Cyclocephala 
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Table 1. Prevalence of Bacillus popilliae and Rickellsiella popilliae from Cyclocephala hirta in 
California. 


Collection 

No. larvae 

% larvae infected with 

Larval density/0.1 
m 2 ± SD 

Site 1 

Date 

Bacillus 

Rickettsiella 

Chino 1 

5 May 89 

21 

61.9 

0 

<1 


3 Oct 89 

199 

28.1 

0 

19 ± 5.1 


23 Apr 90 

12 

41.7 

0 

<1 

Chino 2 

5 May 89 

8 

25.0 

0 

<1 

Fairfax 

3 Oct 90 

39 

2.6 

0 

<1 

Moraga A 

25 Sep 89 

511 

17.8 

4.7 

22 ± 15.5 


2 Oct 89 b 

81 

11.1 

22.2 

ND C 

Moraga B 

24 Sep 90 

33 

3.3 

3.3 

38 ± 4.0 

Moraga C 

24 Sep 90 

19 

0 

94.7 

<1 

San Rafael 

19 Sep 90 

63 

17.5 

0 

9 ± 3.0 

Santa Rosa 1A 

19 Sep 90 

40 

0 

0 

4 ± 1.7 

Santa Rosa IB 

19 Sep 90 

62 

71.0 

0 

6 ± 5.1 

Santa Rosa 2 

4 Oct 90 

57 

15.8 

0 

10 ± 4.6 

Walnut Creek 

24 Sep 90 

37 

0 

16.2 

18 d 


a Moraga A, B, and C are samples from the same golf course. Larvae were collected from areas 
separated by more than 300 m. Santa Rosa 1A and IB sites were located in the rough of a golf course 
no more than 50 m from each other. Site 1A was on a slope and Site IB was a level area. 

b Only larvae showing signs of a frank infection were bled and examined for B. popilliae or R. 
popilliae infection. The remaining 54 larvae were held individually for 17 days before they were 
examined (see text for data). 
c ND = no data. 

d Only one larval density measurement taken. Larvae were concentrated in a small area. 


hirta larvae from one area had a high prevalence (71%) of B. popilliae infection, 
whereas larvae from the other area were apparently free from infection (Table 1). 
Similarly in Moraga, the prevalence of infection ranged from none to 17.8% at 
three different areas within the same golf course. 

Although milky disease bacteria have been isolated from other Cyclocephala 
species on a number of occasions (White 1948, Harris 1959, Warren & Potter 
1983, Boucias et al. 1986, Hanula & Andreadis 1988, Cherry & Boucias 1989), 
we believe that this is the first report of milky disease bacteria in C. hirta pop¬ 
ulations. We also recovered two morphological types of B. popilliae from diseased 
larvae (Fig. 1). In Chino (southern California) and Moraga (northern California), 
the spores and parasporal bodies are primarily typical of those isolated from other 
Cyclocephala species (Klein 1981). They have large and often multiple parasporal 
bodies located adjacent to or overlapping the spore (Figs. IB, 1C). When multiple 
parasporal bodies occurred, there was a primary parasporal body with a maximum 
of three secondary bodies observed (Table 2). Multiple parasporal bodies were 
found in up to 50% of these milky disease bacteria. A second type (Fig. 1A), 
isolated primarily from northern California, had a single parasporal body which 
was significantly smaller than the typical Cyclocephala strain (Table 2) and re¬ 
sembled B. popilliae from the Japanese beetle (Dutky 1940). We refer to this 
isolate as the atypical Cyclocephala strain of B. popilliae and, as far as we are 
aware, it is the first report of this morphological variant from a Cyclocephala 
species. 








Figure 1. Bacillus popilliae spores from Cyclocephala hirta. A. Atypical Cyclocephala strain with 
single parasporal body (p) and spore (s). B. Typical Cyclocephala strain with a mixture of single (p) 
and multiple parasporal bodies (mp) and a single spore (s). Bar for A and B indicate 10 jam. C. Typical 
Cyclocephala strain with multiple parasporal bodies (mp) distributed within a sporangium (sg). Bar 
indicates 5 jam. 
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Table 2. Mean measurements in micrometers (±SD) of the sporangium, spore, and parasporal 
body from the typical and atypical Cyclocephala strain of Bacillus popilliae from Cyclocephala hirta 
in California. 




B. popilliae strain 3 



Typical 


Atypical 



Length 

Width 

Length 

Width 

Sporangium (/on) 

5.5 (± 0.6)A 

2.1 (± 0.2)a 

4.4 (± 0.02)B 

1.3 (± 0.1 )b 

Spore (pm) 

Parasporal body (pm) 

2.1 (± 0.3)A 

0.9 (± 0.1)a 

1.9 (dz 0.05)B 

0.8 (± 0.1 )a 

Primary 

1.9 (± 0.1)A 

0.7 (± 0.1)a 

1.0 (± 0.1 )B 

0.7 (± 0.1)b 

Secondary 

1.0 (± 0.5) 

0.5 (± 0.2) 

— 

— 


a Means followed by different upper or lower case letters within a row are significantly different 
(P < 0.001). Comparison was made only with the primary parasporal body. 


The sporangium length (F = 1015.5; df = 24; P = 0.0001) and width (F = 4.05; 
df = 24; P = 0.0001), the spore length (F = 35.86; df = 24; P = 0.0017), and the 
primary parasporal body length (F = 19.47; df = 24; P = 0.0001) and width (F 
= 2.61; df = 24; P = 0.0001) of the typical B. popilliae strain were significantly 
longer or wider than the atypical B. popilliae strain. Only the width of the spores 
was not significantly different. 

The isolation of different morphological bacterial spores responsible for milky 
disease from the same insect species is not unusual (Milner 1981), but the differ¬ 
ence relates to the presence or absence of the parasporal body (Dutky 1940). For 
example, Boucias et al. (1986) and Hanula & Andreadis (1988) isolated milky 
disease bacteria with and without a parasporal body from the same species of 
scarabaeid larvae. In our study, we did not observe milky disease bacteria without 
parasporal bodies. We isolated milky disease bacteria which were different in size 
and in the number of parasporal bodies. The reason for the differences between 
the two morphological spore/parasporal body complexes isolated from C. hirta 
is unknown. Although the majority of sites contained either the typical or atypical 
strain, we did observe an occasional larva with the typical strain at a site which 
had the atypical strain and vice versa (HKK, unpublished data). A caveat is that 
the typical Cyclocephala strain appears very much like the atypical strain during 
early stages of sporogenesis, and when classifying the spore/parasporal body com¬ 
plex, sporogenesis must be complete. 

Rickettsiella popilliae was only recovered from C. hirta larvae in Walnut Creek 
and the three sample areas at Moraga (Table 1). This restricted occurrence of 
Rickettsiella infection confirms earlier observations by other workers who also 
recovered the disease from larvae at only a small proportion of sites examined 
(Dutky & Gooden 1952, Hanula & Andreadis 1988). Larvae infected with Rick¬ 
ettsiella were easily detected by their bluish color, and upon examination of 
dissected tissues with phase contrast microscopy, by the presence of crystals and 
Brownian movement of the Rickettsiella cells in the fat body and hemolymph. 
Moreover, we confirmed the Rickettsiella infection by transmission electron mi¬ 
croscopy (Fig. 2). 

Some larvae infected with Rickettsiella did not appear blue during the early 
stages of infection, but Brownian movement of particles was evident in the he- 
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Figure 2. Transmission electron micrograph of Rickettsiella popilliae (kidney-shaped particles) 
from Cyclocephala hirta and crystals (arrow) which are associate with the infection. 24,000 x. 


molymph. Larvae collected in the field in an advanced stage of Rickettsiella 
infection appeared milky due to the turbidity of the hemolymph (Dutky & Gooden 
1952). Without a microscopic examination, the larvae in early and late stages of 
infection may be erroneously diagnosed as healthy or as B. popilliae infection, 
respectively. 

The importance of examining the hemolymph for bacterial and rickettsial in¬ 
fection was shown when 81 C. hirta larvae collected in Moraga A on 2 Oct 1989 
were separated visually into “healthy,” “milky” and “blue” (Table 1). Those 
diagnosed as “milky” or “blue” were bled and examined to confirm the disease 
and in all cases were infected with B. popilliae or R. popilliae. Fifty-four larvae 
classified as “healthy” were held individually for 17 days in sterilized soil before 
they were bled and examined for pathogens. Of the 54 larvae, four (7.4%) were 
infected with B. popilliae, 11 (20.3%) were infected with Rickettsiella, and eight 
(14.8%) died from unknown causes. Thus, the pooled data for the 2 Oct collection 
(n = 81) should be higher for B. popilliae (11.1% on 2 Oct vs 16.0% on 19 Oct) 
and R. popilliae (22.2% on 2 Oct vs 35.8% on 19 Oct). In another example, only 
5.5% of the larvae collected at Chino 1 on 3 Oct 1989 had apparent milky disease 
symptoms. Microscopic examination of the hemolymph revealed the true rate of 
infection to be 28% (Table 1). 
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We detected both milky and blue diseases in C. hirta populations, but the most 
prevalent disease throughout California was milky disease. Although the preva¬ 
lence of infection of milky disease was not related to larval density, a long term 
study may show density dependent relationships. The isolation of two morpho- 
types of B. popilliae containing parasporal bodies (either multiple or single) was 
a unique feature of our study. The natural occurrence of milky disease and its 
high prevalence in some C. hirta populations indicate that these bacteria (i.e., the 
typical and atypical Cyclocephala strains of B. popilliae ) are important in sup¬ 
pressing localized populations. Our data suggest that the milky disease organisms 
may offer potential as effective biological control agents if they are introduced 
into areas where they do not occur. 
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